dNOYD IANIONI L4vHIHIVY
ANYJWOD 2141237713 TVvHINID

\
“dnovg subu3 neiony 21419313 €3 1ve3IN39

GeLvv OIYO ‘puejans|)
19JUud) Yyoieasay simaT - YSYN
uoljellsiulwpy adeds @ SOINBUOIAY |euoileN

1104 paisedald

I%L€L00 L0/62
SELoUn
d GEE  (39)
6L6T 3ANNE 82 :M3TAIY WYUDONd “INIWIADDAWT
19501 -2 6N FONVWYEO4YId BNIONT 130 (SH106T-UD~VSVN)

6,61 ‘8¢ aunp
— M3IA3Y welbold —

juswianoidw| aouewopad auibug jor

c$T m\
62902-€ SYN 10e1ju0)

X /AL sl .

A SRR
& SV







bl

dNOED 3NIDNT L4vH oIV
ANYANOD D14 L0313 TvyH3INTD

4 .

_ ; uononpoiiu]

) J




.



A

dNOHD INIONT L4vH DY IY
ANVYAWOD 214123713 IvH3INTD

-

paiajdwo) 1

|0J}UOD 3duURIR3|D BAIIOY BUIqIN] d7 e
|0J}UO ) douUeIEd|D SAIIOY dUIqIN] dH e
[0J}UO0D SSaUpuUNoyY auiqin] dH e

JUNOA HUOIH o 1
juswanoidw| s1weuAposay auiqin] dH e

Isneyxg 8109 HoYs e 1
ueq e 1

}oeIjUO) Uo
s}idaosuon juawanoidw] Jusuodwon




! 1

1

Il

1

i



el

dNOYD INIONT LIVEIYHIVY
ANYAWOD D11 10373 TvyH3INTD

-

Aewwng

welbold YSYN
jjohed

uonduosaqg

SSNosi(]







Lt

dNOYD INIODONT L4vHodIv
ANYAGAOD D19 12313 TTYH3INTD

-

welboid
EwEmR:aj 9oUBUWLIOLID

iz sey |

weiboid uswanosdwy
asuewoMad auibug 191 949

d ue4

]
[

' e -

o
o
O

.

o
L

||

i
i






Fan Performance Improvement
Concept

e Aerodynamic Redesign of Fan Blade

— Camber & Stagger Changes
— Reduce Part-Span Shroud Blockage

* Decrease Running Clearance
— Stiffener Ring to Detune Case

e Optimize Operating Line for Cruise
— Open Fan Nozzle Area (A4g)
(Deleted Because of No Payoff)

Closed VSV Schedule

(Added to Increase Performance)

e Smooth Tip Shroud

(Added to Increase Performance)

! ( \
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Fan Blade Comparison

\ Current Blade

>

Improved Blade \

J
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CF6-
|

50 Fan Case Ring Stiffener

Segmented Web
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Improvement
Item % 2\ Cruise SFC

Objective = Demonstrated

Improved Fan Blade —1.0

Reduced Fan

Equivalent
% AN\SFC At
SLS, Fh= 40,000

Objective = Demonstrated

-1.9

- 0.8
0 Deleted

Clearance — 0.6
Increased A18 - 0.2 Deleted
Total -1.8 - 2.0"

1) Including Closed VSV Schedule and Smooth Casing Tip Shroud

— 2.7 - 2.9

J
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Fan Performance Improvement

Crosswind
Photoelastic Test
Bench Fatigue Test
Performance Demo
Acoustic Test
Power Management
Endurance Test

Program Plan

1978

> b

_J
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Performance Test

e Objective
— Determine Performance Improvement in Back-to-Back Engine Ground Test

e Status:
— Test Completed, Reported in Last Oral

e Results:

— Fan Provides Expected Efficiency Improvement

— SFC Improvement Exceeds Expectations

— Insignificant Performance Improvement for Open A18

— Incroporated Closed VSV Schedule and Smooth Casing Tip Shroud to
Improve Performance

— Successful Altitude Cruise Simulation with Diffusers

J
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Corrected Thrust Vs. ,§ \\@.N
Corrected Fan Speed ™ s K

M = 0.85

Prediction.
420

w
(o]
o

Dx D

340 R \

Corrected Thrust,
FGK — LBS(x 10— 2)

300 +
1%
260 |— W A
% Eng 2
+ Eng 4
— 1% ] Eng 3
| |

180
280 300 320 340 360 380 400 420

Corrected Fan Speed, NIK — RPM(x 10— 1)

y
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+3
— |
o +2
Takeoff Power £ Ve
Management S . A
Difference - /
Advanced Fan Vs. Base Engine w. \
W. 0
O
5
O 4
= |/
20 2 4 6 8 10 12 14
Altitude Ft. x 103
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Results

e Reduced Fan Blade Tip Clearance

— No Significant Changes in Engine Noise Spectra
— Perceived Noise Level Comparisons as a Function of Thrust Exhibit

Acoustic Equivalency

/
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Influence of Reduced Fan Blade Tip
Clearance on PNL for 60° at

PERCEIVED NOISE LEVEL, dB

122 m Sideline

115§
©
& o A Op g ©
110 1o}
0}
oYA
| b »®
i ®
1051 %%
O Original Clearance
[ Reduced Tip Clearance
A
100
95~
(1
CORRECTED THRUST, klbs
——c N_o uho b—o mFO
%0 1 T T T T
60 100 140 180 220

CORRECTED THRUST, kN
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Results

e Advanced Fan Blades

— Significant Reduction of MPT’s (Buzz Saw Noise)
— No Significant Changes in Engine Noise Spectra Other Than MPT’s
— No Significant Changes in Perceived Noise Level Directivity and Behavior

as a Function of Thrust

J
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One-Third Octave Spectrum
Comparison at 50°
(305 m Sideline and 158 kN Corrected Thrust)
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H
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o 158677 N 159497 N 158372 N 158742 N
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Perceived Noise Level Directivity
Comparison for 50° at 122 m Sideline

122 M (4R@ FT) SL PERCEIVED NOISE LEVEL VS THRUST PEEBLES-4D
58 DEGC RNGLE 11-19-78
o | B 158 C1-LRCN © 158 C2/LRCN © 158 [2/LRCN X 158 C€1/LRCN
~
Original Fan Advanced Fan
=
m - Os9/78 O 9/78
X1)1/78 AV 11/78
-]
LV
- I : i
g g4 B 8 £
2 7 % m & @ % Mu _%v
o @ @wm 2] & @
| B
& 4 1
= -
m
] + t t t { } t t +
o
44 B4 B4 184 124 144 164 184 204 224 244
3 9 (1B 3 27 = (36 ) (45 9 (54 9)
THRUST KN (KLB)
GENEHAL T1EC TR TANY TS A
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Perceived Noise Level Comparison
For 115° at 122 m Sideline

122 M (482 FT) 5L PERLEIVED NDISE LEVEL VS THRUST PEEBLES-4D

115 DEG BNGLE 11-19-78
| B 158 Ci/LRCN © 158 C2/LRCN © 158 [2/LRCN W 158 C1/LRCN
~

Original Fan Advanced Fan
RN 0 9/78 O 9/78
X 11/78 O 11/18

~
QA -

m
E s Fe 8 B B
2 " )
z ]
[N @mm
g ®
[-~]
N -4
i
il
8 “ “ ” i . ” ” | ”
44 b4 B4 14 124 144 164 1B4 204 c24 244
9 9 ) (18 93 127 9 (36 9) (45 9) (54.9)

THRUST KN (KLB)
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Community Noise Impact

e Simulated EPNL Comparisons as a Function of Thrust

e Results Show No Significant Change
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Conclusions

e Advanced Fan in CF6-50 Engines Results in Equivalent
Community Noise Levels

e Significant Reduction in Buzz-Saw Noise

* FAA Has Accepted the Acoustic Equivalency of the
Advanced Fan with the Current Production Fan
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Bench Fatigue Test

e Objectives

— Demonstrate the Design to be Free of Stress Risers
— Demonstrate an Acceptable Manufacturing Process
— Demonstrate Adequate Design Margin to Preclude Field Problems

e Status
— Test Completed

/
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Location Of
Test Samples

LOW CYCLE FATIGUE BARS

J
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Fan Blade Shroud Segment
Test Specimen

35vd TWNIOIEO

HAVH9O0L10Hd J1IHM OGNV WOV8

/
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Inner Panel Test Set-Up

" f ,
bl N v

HM CNV MOvi8

HdV¥9010Hd 3t

EeLy

,,,,,,,,
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Alternating Net Section Stress

1000 psi

Titanium Low Cycle Fatigue

100

80 -

Average Properties |¢|IN
60
L
~
— 3 0" Properties — III
40 ~
Ill
"'.l_.l.ll.lL
20
10
102 10° 10* 10°

Cycles To Fail
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GENERAL ELECTRIC COMPANY
AIRCRAFT ENGINE GROUP

1-32



‘abesaae se pooB se Ises| je sem |eLBIRW BY) JBY) SMOYS SIY] 'Po)Sa) S|aA8| SsaNs
OMm} 8y} Jo sinouni moys sjulod 158} om) 9y ) ‘abelaae WOl SUOIRIASP piepuR)S 8a1Y) Sjuasaidal au)|
PsHop 8y ‘|eusiew wnuey yjoows jo KHjiqedes anbiey 81940 ybiy abelase smoys aand pijos syj



Titanium High Cycle Fatigue

120

-t
(=
o

(o]
o

\' Average Properties

— — 30O Properties

B
o

N
(=

Alternating Stress — 1000 psi

0 20 40 60 80 100 120 140

Mean Stress — 1000 psi
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Fatigue Test
N; 90
7))
_ ) ®—
X 80
_ m // _ Awlv Avg. Properties
ﬁ— A.NU 70 llll Qllv
" c T~ - 30°Properties
g— .mm O o e e e e e
= 60
o
P,
e 50
= O Inner Panel
m A Outer Panel
.vm <> Shroud
40
= o 10° 10° 107
Cycles To Failure
_ S
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Bench Fatigue Test

Results
e Round Bar — Low Cycle Fatigue
From Forging Dovetail — Spanwise Direction

90 KSI — Axial-Axial — KT = 1.5 — Unpeened
— Life = 15,528 and 23,192 Cycles |
— Materials Curve = 20,000 Cycles Avg.; 6000 Cycles — 3 Std Dev.

e Round Bar — High Cycle Fatique

From Forging Mid Span — Circumferential Direction
Bending-Bending-KT = 0.1-Unpeened
— Life = 107 Cycles @ 55 KSI Alt, 1.5 x 107 Cycles @ 65 KSI Alt.
— Materials Curve = 64 KSI Avg.; 54 KSI — 3 Std Dev.

/
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Bench Fatigue Test

¢ Finished Airfoil — Inner Panel

— First Flex Inner Panel

— Test#15 x 10° Cycles @ 67.5 KSI + 10° @ 72.5 KSI + 10® @ 77.5 KSI| +
Failure @ 82.5 KSI

— Test#25 x 10° Cycles @ 72.5 KSI + 10° @ 77.5 KSI + 10° @ 82.5 KSI +
Failure @ 87.5 KSI , - |

— Materials Curve = Avg. Runout @ 74 KSI; — 3 Std Dev Runout @ 63 KSI

e Finished Airfoil — Outer Panel

— First Flex Outer Panel

— Test#1 5 x 10° Cycles @ 67.5 KSI + 10° @ 72.5 KSI + 10° @ 77.5 KSI +
Failure @ 82.5 KSI

— Test #2 5 x 10® Cycles @ 72.5 KSI + Failure @ 77.5 KSI

— Materials Curve = Avg Runout @ 74 KSI; — 3 Std Dev. Runout @ 63 KSI

_/
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Bench Fatigue Test

e Finished Airfoil — Shroud
— First Flex Shroud |

— 5 x 10° Cycles @ 67.5 KSI + 10" Cycles @ 72.5 KSI No Failure
— Materials Curve = Avg Runout @ 74 KSI; — 3 Std Dev Runout @ 63 KSI

/
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Endurance Testing

e Objective
— Conduct 1000 “C” Cycles With Improved Performance Fan Blade, Case
Stiffener, and .115” Clearances to Simulate Typical Flight Cycle. Assess
Wear Characteristics/Structural Integrity of Improved Fan Package.

e Status | »
— Test Completed, Reported in Last Oral.

e Results
— Hardware in Excellent Condition.

J
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Fan Photoelastic Test

e Objective

— Obtain Detailed Stresses in Blades with 3 Shank Versions, Especially in

High-Stress Areas and in Locations of Complex Concentration.

o Status
— Test Completed

J
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Photoelastic Model Of Fan In
Stress-Freezing Test Facility
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Blade Models —
Full Shank, Half-
Pocket Shank, and
Full-Pocket Shank

J
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]

Photoelastic Model

Of Fan Rotor

GENERAL ELECTRIC COMPANY. US A
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Rotating Stress
Freezing Cycle

MODEL TEMPERATURE

AMBIENT

ROTATIONAL SPEED

TEST CHAMBER PRESSURE

P
N

STRESS FREEZING TEMPERATURE

RATE OF HEATING AND COQLING
CONTROLLED BY THERMOCOUPLES

A DUMMY PLASTIC PART S0 AS

0 LIMIT THE TEMPERATURE
BIFFERENTIAL TO 3°C
BETWEEN A REPRESENTATIVE
1CK AND THIN SECTION

F THE TEST MODEL

~ 50 RPH

163 RPM TEST RPM

>xw |ENT

////:

7
/)77

\\ _&\

MAX. CHAMBER VACUUM |

TIME, HR.

30 (TYPICAL)

_J
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Frozen-Stress Fringe Patterns In The
Three Types Of Blades
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Blade Slicing
Diagram

AIRFOIL

1
sLIcT
IV.E, #2

— =~ AIRFOIL CUT LINC

t

To.._a inen)

YO DOVEYAIL BASE
ENGINE
BLADE

LEADING €DCE

o«
AO/(.V%%, -
7/@: W

SHANK it

‘

llllll AIRFDIL TUT LINE

TRAILING EDGE

|
|
Ll —DOVETATL ARSE
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Shroud Slices

k
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Fringe Patterns In
Typical Series Of
Dovetail Slices
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Spanwise Airfoil Stress Comparison
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Airfoil Root Stress Comparison
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Dovetail Fillet Stress Concentration

DOVETAIL FILLET STRESS CONCENTRATION Ki

| io
, ; " 2 |
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| E | L
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Method Of Analysis

e Overall Thrust Coefficient Defined as:

| T = FGMm
~ (FL,FAN + FI,CORP)

Method A: Core Flow Calculated from Cfg Core
Method B: Core Flow Calculated from LPT Flow Function

Method C: AThrust at Equal Effective Throat Areas

\- J
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Overall Thrust Coefficient Based on
Ag, Css & Measured Inlet Flow

OVERALL THRUST COEFFICIENT, Cy

.87

.96

.95

94

93

92

(Method A)

(O SHORT CORE NOZZLE

[0 LONG CORE NOZZLE

i 1 1

1.2

13

1.4 1.5 1.6
FAN NOZZLE PRESSURE RATIO, Prq5/Po

1.8

1.9
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Overall Thrust Coefficient Based on LPT
Flow Function & Measured Inlet Flow
(Method B)

{ ] | 1
11 12 1.3 1.4 15 1.6 1.7
FAN NOZZLE PRESSURE RATIO, P1i5/po

OVERALL THRUST COEF. Ct
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Method C

e Method C Based on Equal Effective Core Areas (Ae8)

e Equal Effective Core Areas is a Condition of Equal ldeal
Thrust for the Long and Short Nozzles

e At Equal Ideal Thrust Overall Improvement is Reflected in
Increase in Actual Measured Thrust Delta

J
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LPT Pressure Ratio Versus

Nozzle Pressure Ratio
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Summary Of Results

* Methods Based on Calculated Core Flow and Measured

Inlet Flow Result in A CT = 0.25%

* At Equal Ideal Thrust the Measured Thrust Indicates
A CT = 0.33% and ASFC = —0.37%

/
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Results

¢ No Significant Changes in Engine Noise Spectra

e Dominant Noise Components (Fan, LPT, and Core Jet) Were
Not Significantly Impacted .

* Perceived Noise Level Comparisons as a Function of Thrust
Show No Significant Changes

_J
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Perceived Noise Level Comparison
For 50 Degrees At 122 M Sideline

122 M (a@B FT) SL PERCEIVED NCISE LEVEL VS THRUST PEEBLES-4D
38 DEG ANCLE 11-11-7B
= B 158 C2/5FCN € 158 Ce2/LRION
=7
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[ I

=

b f
2

[\
- 2 a g a 8 @ @ @8
d )
G e888 & &

o0 g8
ge B

[

B e

[

m

= i " | t + “ " f f

44 b4 B4 164 124 144 1b4 164 ZB4 224 24

(n.9 3} (18 27 .3) (36 (45,9 54 .9)

THRUST KN (KLB)
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Community Noise Impact

e Simulated EPNL Comparisons as a Function of Thrust

e Results Show No Significant Change
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Stage 2 Vane Leading Edge Flow
Evaluation

e Objective: ,
— Detemine the Vane Flow Distribution Between the Vane Shell and the
Impingement Insert, and Radially within the Insert for the Current Stage
Two Vanes.

e Status:
— Test Completed

_J
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Stage 1 Vane Trailing Edge Heat
Transfer

;__ e Objective:
! — Determine the Heat Transfer Characteristics o* the High Pressure Turbine
Stage One Vane Trailing Edge Flow Passages.

e Status:
— Test Completed
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AIRCRAFT ENGINE GROUP
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Pitchline — Stage 1 Vane T.E.
Cross Section

\

x/

)

GENERAL ELECTRIC COMPANY, U S.A
AIRCRAFT ENGINE GROUP

3.-13



‘obessed ay) u1 uolINqUISIp Jaysuel) Jeay sulyap 0} Z puUe | SUOjI09s
yioq u) pajjeisu] alem siajealy elep Ino4 "A|SnojAaid umoys aueA JO |apowl 9jeds X0 JO UOI}Das $SOID



1

PsTaTIC

Stage 1

GUARD
\\\\. HEATER

Vane T.E. Model

ENDWALL RIBS
0.100" SQUARE

o

i |

b - - - =

G\

i
Vol

PsTATIC

JV N\W»NHHHHOZ

RIBS
0.100"
RADIUS

. DATA HEATERS

~<«——SECTION 1 — '+—SECTION 2——————>

|

PASSAGE 0.64"x0.58"

GUARD HEATER

e

0.25"x0.58"

AMBI

s

PsTaTIC
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Configuration 1

Test
Geometries

Configuration 2

Configuration 3

- .\\.
i (A
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TEL o
o T e
g3V STy
S L
= st
LN
- -
\\
Configuration 4

2 END WALLS PROMOTED (STAGGERED)
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Configuration No. 3

(Two Endwalls Promoted/Two Promoted Partition Walls)

Test Section cb
\ :
p [ 0.!" Radiused Ribs
' i
\ ( , A
i I -t
Instrumentation Leads 3

| g -
»“, V’I’.!f‘. Heater Leads
\A

,,,,,,
,,,,,,

M

JLIHM GNY MOV1E

J
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1

Ribbed Wall Results Compared To
Smooth Wall

Configuration Heat Transfer Promotion
All Walls Smooth 1.0
4 Walls Promoted
e Ribbed Partiton Walls 2.47
e Ribbed End Walls 3.21
2 Walls Promoted
e Smooth Partition Wall 1.67
e Ribbed End Wall 2.79
2 Walls Promoted Staggered
e Smooth Partition Walls 1.70
e Ribbed End Walls 2.44

J
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Stage 2 Vane L.E. Impingement

e Objective:
— Investigate the Leading Edge Region Impingement Heat Transfer

Characteristics of Both The Current Production and Improved Stage Two

Vane Impingement Inserts

e Status:
— Test Completed

J
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Perforated
Plate

Current Stage-2
Vane Insert Model

0ld Insert

Guard Heater

Data Heater

|

Inner Contour

)

Heater Section

™~ ™ T Planned Axis
«f———— Apparent Axis

o J
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Stage 2 Vane Trailing Edge Heat
Transfer

e Objective: | ST |
— Determine the Heat Transfer Characteristics of the Pin Fin Geometry
Selected for the Stage Two Vane Trailing Edge.

e Status:
— Test Completed

_J
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Stage 2 Vane Trailing
Edge Model

Data

Heater No. E\ .

Guard

Heater No. G1

/I

D3

12 Holes

)\

Inlet
Plenum

J
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Blade Dynamic and Steady-State
Strain Distribution

e Objective:
— To Determine the Dynamic and Steady-State Strain Distribution in the
Stage 1 and 2 Single Shroud Turbine Blades

e Status:
— Test Completed

J
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omponent Test Setup for
Stress Distribution.
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Frequency And Amplitude Response
As Function Of Damper Force

e Objective:
— To Determine the Blade Frequency and Response Amplitude as a Function
of the Damper Load.

e Status:
— Test Completed
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Root Leading Edge Stress Vs.
Damper Load, Stage 2 Blade

-
15
[
o
4
2 !
N
Engine
Damper
Load
5k
!
l _ | | | . J
0 200 400 600 800 1000 1200 1400

Total Damper Load, lb
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Disk Rim Area Stress Distribution

e Objective:

— To Determine the Stress in the Rim Area of the Stage 1 and 2 Single Shank

HP Turbine Disk to:

1) Determine Local Stress Concentration |
2) Modify Model to Reduce High Local Stress
3) Provide Input for Final Life Analysis

e Status:

— Rim Area Models Have Been Manufactured and Delivered. Instrumentation

Has Been Initiated.

_J
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Instrumented Engine Test

e Objective

— Verify That Stresses, Temperatures and Flows Meet Design Requirements

e Status

— Testing Completed

J
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Single Shank Turbine Rotor
Front End View.
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Installation of Instrumented
Stage 1 Turbine Blades

HAVHO0LOHd 3LIHM ONV MOV18
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Instrumentation Lead-out on Aft Side
of Stage 2 Disk
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__ Instrumented Stage 2
ZoNN_m Support
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TF39 Core Engine 441-019/8
in Test Cell #37
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Single Shank Turbine Program

019 Instrumented Test

Data Obtained
- 205 Steady State Data Points
- 300 Transient Data Runs
- 10 Million Total Bits Of Data

_J
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Single Shank Turbine Program
019 Instrumented Test

e Conditions Explored - Steady State

- Blade Vibration to 107% N

- Rotor Vibratory Stress to 103% N

- Temp Data To LM2500 & CF6-6 Max Power

- Thrust Balance

- Cooling Flow Throughout The Operating Range
- Cavity Pressures '

¢ Transient Conditions - Temperature Data Obtained

- Cold Rotor Starts

- Bursts, Chops To CF6 & LM2500 Max Power

- Cycles Planned For 019 Endurance

- Shutdown From Ground And Flight Idle

- Shutdown From LM2500 Max Power

- Restart After LM2500 Shutdown

- Hot Rotor Reburst From CF6-6 Max. Power

- Step Thermal Cycles For Heat Transfer Correlation

k
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Instrumented Test
Preliminary Results
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Turbine Rotor Temperatures

e Measured Metal Temperatues

— Agree With Prediction
— Except Front Shaft Measured 60° Warmer |
— May Decide to Add Windage Cover .

e Measured Cavity Temperatures

— Confirms That Reduced Purge Flow is Satisfactory
— May Need to Bypass Some Interstage Flow

J
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Summary Of Clearance Improvements

From Engine Test

e No Rubs Accel/Decel - Same As Current -6
e Warm Rotor Reburst Capability Improved
e Shroud Hooks Cooler And More Uniform

- Less Thermal Distortion

Other Improvements - Not Directly Measureable
¢ Reduced Elastic Deflection At Cruise |
e Increased Resistance To TMF Distortions

Conclusion - Clearance Improvements Appear
To Equal Or Exceed Quoted
Increments

J
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Overall Results Of Instrumented
Testing

e Obtained All Required Data
e Most Design Goals Were Achieved or Exceeded

e Problem Areas Not Yet Resolved

— Rotor Flow Leakage

— Stage 1 Blade Metal Temperature
— Stage 2 Nozzle Leakage

— Front Shaft Metal Temperature
— Rotor Thrust Balance

J
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Endurance Engine Test

e Objective
— Run 750 Severe Endurance Cycles

o Status

— Testing Complete — 1000 Core Engine Endurance Cycles Achieved

_/
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Cyclic Endurance Test

1000 Cycles Completed
5000 Minutes at Redline*

T4.1 2550° F
T3 1010° F
EGT 1675° F

N2 9900 RPM

*Hot Time Equivalent To:
e 3500 Hot Day Takeoff’s
e 3+ (150 Hour) Certification Tests

J
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Core Engine Test Cycle

15 Minutes IIJ

» Hold
Throttle \ ~ Redline
Angle To EGT

Put Transient
EGT On
Redline

Time - Minutes
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Stage 2 Blade Cond
After 1000 Cycles

R
=
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Stage 1 Vanes

No LE Cracks
No Ballooning or Distortion

Trailing Edge Minor Distress O=_<

moBm Pressure im_am Cracking

— Probable Cause - Hot Pressure Side

Plan

— Rework Insert to Adjust Impingement
— Add Pressure Side Film Row

— Run Samples on —019 & —422

— Continue Testing Cracked Parts

_J
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Stage 1 Vanes After 1000 Cycles

)
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Stage 2 Vane

e No LE Cracking - Avoids Current Field Problem
e Some Suction Side Cracking |

e Will Make Cooling or z_mnsmswdm_ Adjustments

)
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Stage 2 Vanes After 1000 Cycles

e

HJVHD0LO0Hd FLIHM QNy MOVTR
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| Deflection/Distortion Tests

_ e Three Test Programs to Measure Stress & Deflection on
Complete Engine-Shell Structure on Wing Pylon.

1 — Casing Radial Deflection & Mount Stress — Take-off Power
2 — Failsafe Test — Simulated Partial Failure of Mount
3 — Installation Stresses & Thermal Growth Stress Correlation

— —— ——

e _J
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Deflection/Distortion Test #1

e Objective

— Back to Back Tests of Original & New Front Mount
Demonstrate Improvement in Casing Radial Deflection
Measure Stress & Deflection in New Mount
Maximum Static Thrust & Take-off at Rotation Conditions

o Status
— Test Completed

e Results

— New Mount Appreciably Reduces Casing Radial Deflection (— 29%)
— Calculated & Measured Stresses Agree Well

AN J
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Test Loads for Deflection/Distortion
Tests

STA STA STA STA .
103.50 183.50 200.00 285,704
!
| | | E_ _
1] ' _
] NI
i v ‘
_ - A ' P '
l_| —_— | _ ) —_ )
b N lL _._\\\||I.I\\.\.\||
| ! = BE
VIL
1 VIR

. Y-
s | G
I

—IL
V2L g
V2R

s
i

TEST LOADS N - (LBS) !
, TEST CONDITION
mu VIL VIR V2L V2R
244650 -9150 -9150
Maximum static thrust (55000) 0 0 (-2058) (-2058)
184601 19570 19570 9150 9150
Take-off at rotation (41500) (4400) (4400) (-2058) (-2058)

J
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Compressor
Casing Radial
Deflection -

Stage 3 — Take-off
at Rotation Condition

»»»»»»»»»»

—_—— ————
[ — —_— —— PO -
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Test Conditions

e Simulated Failure

— Left Side Link Failed

— Left Side Link & Left Thrust Link Failed
— Right Thrust Link Failed

— Center Link Failed (Swaylink)

e Test Loads

— Take Off at Rotation (Operating Normal)
— 4G Vertical (Ultimate Condition)
— Max Side Load on Mount (Ultimate Condition)

J
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Failsafe Load Conditions

STA STA S5TA STA
195.908  235.821 285.704  312.376
STA STA STA STA STA
183.5 1200.0 245.61 279,25 292.51

FAILSAFE LOADS, (LB)

TEST CASE } CASE 2 CASE 3
LOADS T 'O AT ROTATION SIDE TOAD COND, VERTICAL LOAD COND
viL 4300 -1850 -2400
VIR 4300 -1850 -2400
51 0 0 o
vaL 5150 -56D0 -13400
V2R, -13850 ~5600 ~13400
sz | | 8600 o
vaL k1700l 3600
VaR -1700 -3600
53 o 600 o
VCRFL 14000 0 o
VCRFR -14000 0 0
vaL - 850 -1800 -3800
V4R - 950 ~1800 -3800
54 0 650 o
vsL -18950 -1600 -3800
VSR +18950 -1800 -3800
s5 0 650 [
Fi 45000 6500 (4]

/
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Deflection/Distortion Tests #3 —
Thermal & Assembly Stress Correlation

» Objective:

— Confirm Calculated mﬁqmmm Analysis
— Thermal Growth of Core Casing
— Installation Stress with Adverse Dimensional Stack- :u

e Status:
— Test Completed

/
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[ i

Fatigue Test

| e Objective:

" — Demonstrate Two Lifetimes Cyclic Load Capability )

__v — One Life = ﬁmboe Cycles, Including 230 Limit Load Cycles __m
I

,f;

e Status:
— Test Completed

N Y
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Fatigue Test

/
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Factors Affecting Turbine
Clearances

e Transient and Steady State Radial Growth
Match of Rotor and Stator
— Keep Steady State Clearances Small
— Avoid Rubs During Engine Transient Operation

— Requires a Modified, Definable, Controlled Shroud
Support Structure Thermal Environment and Inertia

o Out-of-Round Distortion of Engine Casings
and Structures

— Causes Local Rubbing at Points of Radially Inward
Deformation

— Local Rubs Wear Blade Tips Uniformly, Thus Increasing
Average Clearance

— Requires Improved Circumferential Uniformity of Mount
Reaction Loads, Structural Stiffness, and Thermal Gradients

J
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HPT Roundness Control Program Plan

1979 1980
1Qtr|2Qtr |3Qtr|4Qtr| 1 Qtr | 2Qtr | 3Qtr

Design A
Hardware
Component Testing A

Engine Testing

J
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Better Thermal Matching
Improved Stage 2 Nozzle Support

\Hﬁﬁ_w \.3353om<=<m_Nmm_amzm_&:o:oa
M_i Gas Recirculation

_g HJ _;w.>aama_Smmmm:nImm#m:mm_a*oqmoﬁoq

AT WW\\\ Response Match

* Reduced Sensitivity to Inward Pressure
Deflections o

¢ Segmented Hangers to Isolate Support
from Thermal Non-Uniformities

ANT = +0.44 Pts.

New Design

/
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Improving Out-Of-Roundness

New Aft Mount Construction

cs_ic:: Omm__._n m.:::mwm\._.m:_nm&..:qm

, _ﬂw

>=2 Strut ._.m-:cmquqm U_mﬁ:c::c:

Shielded Flange

— Eliminate Flange Distortion Caused By Nacelle Leakage

J
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| |

Turbine Mid Frame Roundness
Improvement

A/C Pylnn M "
Structure——>4., ¥

Jiot /Cnld Struts
- Distortion

Current Configuration

Coat Hanger

flenvy Sectlon

- Nommiform Temp.
- Nommiform Stiffness
~ Distorcion

Liners in Struts
- Strut Temperature Controt

No Coathanger
Change
New Links Uniform

Hat Sections

Mounts
Integral With
Struc Ends

ik

Flange Shield

- Reduces Effect of
Cowl Leakage Air

New Configuration

y
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Concept Rationale

e Clearance at Cruise Can Be Reduced Without Rub

— Reduced Casing Distortion
— Rotor Shrinks Relative to Casing

e Control External Impingement to Shrink the Stator

¢ Reduce Tip Clearance to Lower SFC at Cruise

_J
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Active Clearance Control External System

Summary

e Case Mounted for Simplified Active System

Major Hardware Reworkable
e Maintain Modular Interchangeability

e Basic Approach Applicable to -6, — 32, — 50, —80

J
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Performance Payoff

HPT Active Clearance Control

New Engine
Cruise /A SFC
Turbine Efficiency —.44
Active Air Penalty to the Cycle N 15
NET - .29
Takeoff EGT —4°C

Payoff Based On

— V2 of Potential Clearance Improvement
— Delta from Single Shank Turbine

3000 Hr.

15
- .57
—-9°C

J
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Active Clearance Control-HPT
NASA Program Schedule

. YRS 1979 1980 1981
No. Milestones/Events mos | JF Tmam u]u a] so[Nb|sr[maTmaTs aTs o[n ofs FlMaTm J]s Als o[N D
1. | Design Freeze A 8-15
2. | Material Release — HPT 5-1
3. | Material Release — Configurations AT-15
4. | Detail Drawings Issued n11-1
5. | Hardware Delivery A 61 A12-15 A 4-15
6. | Component Testing
— Control & System Bench Tests 71
— Structures Static Load Test A .w;
— Piping & Bracket Vib Testing — {261 10-1 a1
7.1 Engine Test Al Al 7-1
8. | Analysis A 7-15 A 81 A 5-1 o8t
9. | Final Report \“,

J
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Design Status

Turbine Layout Complete
— Maintains Single Shank Turbine Features
— Reworkable from Single Shank or Current Production Hardware

Material Release Complete

Heat Transfer & Mechanical Analysis

— Models Complete
— Studies Underway

System Arrangement Selected

— Air Scoop Location Selected

— Air Flow Requirements Defined

— Piping Studies Started

— Slave Valves Released for Procurement

Control System Studies Started

J
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Active Clearance Control Concept

e External Case Cooling Using Fan Discharge
Air

— Same As Present System

“ ,
e Active Clearance Control During Cruise
— Continuous Flow for all Power Settings
— Increased Cooling Flow During Cruise
— 2 Position Airflow Valve
— Barometric Pressure (Altitude) Actuated

J
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LPT Active Clearance Control

BARD. PRESS.
_85 xP_

_EM o#\#/J
AIR |
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How It Works

\\Stator Shroud %
| | DI NN
. ,?////»///// //V//r///// SN
- ,.,,. ////////,”///// 'y Current Passive
_ N ,._ System

N~ J/qoo:d Tip at Cruise — Increased Flow

Tooth Tip at Takeoff — Reduced Flow

— J
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Manifold Pressure — PSIA

3

Cruise Flow Characteristic

T',""'
", \\
III P
~o \\
If #
~ ¢ Proposed Flow __
Current Flow , ~_Active Mode
e T S
Existing — I.wl
Impingement Fan Air \,\Vlll
System Supply With .
Improved
Inlet
Existing
Fan >_: Supply—]
0 1 2 3 4 5

Flow At Cruise — Lb/Sec

« Conclusion: Airflow Required for Active Mode Can Be

Achieved With Existing System

k
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